Many drugs used in anaesthesia dissolve poorly in water but are fat-soluble. In order to manufacture forms suitable for parenteral administration solvent must be added. In many instances the solvents are toxic and can produce local side-effects such as pain on injection and thrombophlebitis. They can also produce anaphylactoid reactions.
One of the drugs in this group is diazepam. Conventional dosage forms of diazepam contain solvents such as propylene glycol, phenylcarbinol and ethanol. These substances are tissue irritants and are associated with a high frequency of pain and thrombophlebitis upon i.v. injection (Langdon, 1973; von Dardel, Mebius and Mossberg, 1976; Schou Olesen and Hiittel, 1980) . I.m. injections are also very frequently accompanied by pain (Assaf, Dundee and Gamble, 1975; Korttilla, Sothman and Andersson, 1976) . Attempts have been made to reduce these side-effects by administering heparin and steroids and by diluting the drug, but with little success. Diazepam dissolved in macrogol ricinoleate (Stesolid MR) has been reported to produce fewer side-effects (Manila et al., 1979; Schou Olesen and Hiittel, 1980) , but a number of anaphylactoid reactions have been reported with this form (Schou Olesen and Hiittel, 1978; Hiittel, Schou Olesen and Stoffersen, 1980) . The experience with Intralipid, the fat emulsion for parenteral nutrition, has been utilized by KabiVitrum, Sweden, to develop a new dosage form for fat-soluble substances. Diazepam is now available in an emulsion formulation in which the drug is dissolved in the oleaginous phase. The low toxicity of this diazepam emulsion has been documented by Jeppsson and Ljungberg (1975) . This drug emulsion is marketed under the name of Diazemuls.
In 1976 von Dardel, Mebius and Mossberg showed that the frequency of pain and thrombophlebitis after i.v. injections of diazepam in conventional formulation was substantially reduced when Diazemuls was administered i.v. Thorn-Alquist (1977) found no differences in respect of clinical effect and pharmacokinetics between the two formulations. In 1980 Schou Olesen and Hiittel reported a significantly decreased frequency of pain and thrombophlebitis after i.v. injections of Diazemuls compared with both Valium and Stesolid MR.
The aim of the present investigation was to study the suitability of the diazepam emulsion for clinical use in a large number of patients, by studying the immediate local and systemic side-effects. Subsequent side-effects such as phlebitis or thrombosis were not within the scope of this study. Our aim was also to ascertain whether the emulsion formulation affects the bioavailability of the drug as compared with the earlier dosage forms. More detailed pharmacokinetic studies have therefore been made after both i.v. and i.m. administration. In addition it has been our intention to illustrate the suitability of the drug for clinical use over a fairly long period of time and to ascertain whether the frequency of pain can be reduced also after i.m. injection compared with Valium.
PATIENTS AND METHODS
The compositions of Diazemuls and Valium (Hoffmann-La Roche), which was used as the aqueous solution, are shown in table I. Both preparations have a concentration of 5 mg ml~'.
Diazemuls was administered to a total of 9492 patients in the period 1975-80. The clinical effect, pain in connection with the injection and acute complications of a local and systemic nature were studied in 2435 patients. The age range was 16-96 yr, and the average dose was 7.12mg (range 2.5-30 mg). Diazemuls was given as ani.v. sedative before anaesthesia and in connection with endoscopy and procedures under local anaesthesia. A single dose was given in association with general anaesthesia, whereas repeated doses were given for endoscopy and procedures under local anaesthesia, which explains the wide variation in the total dose. The injections were given via a Venflon cannula (o.d. 1.20-1.40 mm), most frequently on the back of the hand or in the forearm. The clinical effect was rated as satisfactory or unsatisfactory by an experienced anaesthetist. "Unsatisfactory" signified that the preparation did not bring about the desired sedation. If the patient said that he experienced pain when the injection was being made, this was noted. If the patient did not volunteer such information, he was asked if he experienced any pain. Other immediate complications of a local or systemic nature upon injection were also noted on the trial proforma.
Over a period of 5 years Diazemuls was administered routinely to a further 7009 patients when i.v. diazepam was considered to be indicated. Any complications in connection with the injection were noted in these patients too.
Five healthy volunteers aged 27-49 yr were given i.v. injections of Diazemuls 7.5 mg and Valium 7.5 mg to the cubital vein. The trial was in the form of a cross-over study (time interval 4 weeks). The injection time was 60 s. The blood used to determine the plasma concentration of diazepam was drawn from a Venflon cannula in the cubital vein of the other arm. A sample was taken immediately before the injection and additional specimens werecollectd up to 50 h after the injection at previously determined time intervals.
Sixty patients were injected with diazepam i.m. for sedation before surgery, 30 receiving Diazemuls and 30 Valium. The patients were selected at random. The average ages were 53.7 yr (range 15-85) for the Diazemuls group and 57.8 yr (range 17-78) for the Valium group. The injection was given in the lateral vastus (injection needle 0.7 x 50 mm). The dose was 0.2 mg/kg body weight. The injection time was 45 s. The patient's sensation of pain in connection with the injection was recorded using the scale: no discomfort, slight discomfort, pain. The doubleblind technique was used in the study. Since Diazemuls is milky white and Valium is yellow, the investigator was given a masked syringe prepared by another medically responsible staff member. Thus the investigator had no way of knowing which solution he injected.
Pharmacokinetic studies were made in 36 patients after i.m. injections. Eighteen patients received Valium and 18 Diazemuls. The patients were randomly selected. The average age for Diazemuls was 43 yr (range 15-81) and for Valium 48yr (range 15-78). The injection was given to the vastus lateralis for sedation before anaesthesia in patients lying in bed. The needle dimensions were 0.7 x 50 mm, and the injection time was 45 s. The dose was 0.2 mg/kg body weight. Blood for the assay of plasma diazepam was drawn from a Venflon cannula in the cubital vein immediately before the injection and up to 48 h after the injection at previously determined time intervals. All blood samples for the determination of plasma concentration level were frozen and analysed by the gas chromatography method described by Berlin and others (1972) .
RESULTS
Of 2435 patients studied with regard to painful reactions in connection with i.v. injection of Diazemuls, nine experienced such pain (0.4%). The clinical effect was judged to be satisfactory in 2409 patients (99%) and unsatisfactory in 26 (1%). Neither reddening of the skin nor tenderness along the vein in connection with the injection was noted in any patient. One patient had transient, spotty erythema on the upper part of the body, but no other complications. No other hypersensitive reactions were observed.
Among the remaining 7009 patients receiving Diazemuls there was one instance of general urticaria in a patient in the intensive care ward. He had been given a total of Diazemuls 120 mg divided into doses of 5-10 mg over a period of 5 days. He was being treated concurrently with trimethoprimsul- The distribution and elimination phases were the same regardless of the dosage form used. Although SEM at 5 and 7 h do not overlap, Student's t test could not verify that the difference was significant. However, we do not feel it appropriate to analyse two points on a curve separately. No over-all significant difference between the preparations could be found.
The experience of pain on i.m. injection is indicated in table III. While 43% of the 30 patients injected with Valium experienced pain, only 6.7% of the patients given Diazemuls had painful reactions in connection with the injection. The difference is statistically significant.
The plasma concentration of diazepam following i.m. injection shows a wide spread. Figure 2 shows that the dispersion is slightly smaller after Diazemuls than after Valium. Initially, Valium produced greater plasma concentrations, but after 6h the concentrations after Diazemuls tend to be somewhat greater. There is a significant difference between the preparations during the first 4 h, verified by means of an analysis of variance. DISCUSSION Penetration of the blood-brain barrier is proportional to the oil/water partition coefficient and is facilitated by high lipophilicity. When a drug cannot be dissolved in water another suitable solvent must be found. One of the prerequisites for i.v. use of a solvent is low toxicity. Furthermore, the solvent should not exert any pharmacological effect itself and it must not interfere with those of the dissolved drug.
The low toxicity of a fat emulsion consisting of soybean oil and egg phosphatides has been documented in several different studies (Schubert and Wretlind, 1961; Hakansson, 1968; Shenkinand Wretlind, 1978) . Such a fat emulsion has been used since 1962 in complete parenteral nutrition. It has been demonstrated that the oleaginous phase of the emulsion can be used as a carrier of fat-soluble drugs (Ljungberg and Jeppsson, 1970) . Some examples of substances that have been studied in emulsion form in animal experiments are barbiturates (Jeppsson, 1972) , diazepam (Jeppsson and Ljungberg, 1975; Jeppsson, 1976) , local anaesthetics (Jeppsson, 1975) , nitroglycerin and cyclandelate (Jeppsson and Ljungberg, 1973) . Jeppsson (1972) showed that the hypnotic effect of some barbiturates lasted significantly longer in the emulsion form than in the corresponding aqueous formulation as a sodium salt solution. Jeppsson and Ljungberg (1975) found that an emulsion formulation of diazepam had no deleterious effect on the pharmacological action of the drug. Jeppsson (1976) compared the pattern of the elimination of diazepam from the plasma both in the emulsion form and in aqueous solution, and found no difference.
The first drug in a fat emulsion consisting of soybean oil and egg phosphatides tested clinically in man was secobarbitone (von Dardel, Mebius and Mossberg, 1975) . The frequency of thrombophlebitis was found to be substantially less than with barbiturates in aqueous solution.
Since the commercially available aqueous solutions of diazepam are associated with a high frequency of vascular complications attributable to the solvents, we were prompted to make a clinical evaluation of diazepam in the fat emulsion formulation. The trial was begun at St Goran's Hospital in Stockholm in 1975 , and the preparation has been used by us since that time. The preparation is milky white and thus differs conspicuously from conventional injection formulations of the drug, but this has caused no difficulties in practical use. Up to the present time the preparation has been given to about 10 000 patients without serious side-effect.
Clinical effect
Opinion has been divided as to whether the clinical effect is influenced by the emulsion formulation. Can it be reduced or possibly delayed? Gjessing and Tomlin (1977) investigated 60 (30 + 30) patients and concluded that a greater dose of diazepam in emulsion form, compared with Valium, was needed to produce a comparable effect, but Thorn-Alquist (1977) found no difference. Jeppsson and Ljungberg compared the same formulations with respect to anticonvulsive activity in mice and found no difference. It is difficult to find reliable indices to assess the effect of anxiolytic preparations and sedatives. There is no clear connection between plasma concentrations of diazepam and clinical response (Mandelli, Tognoni and Garattini, 1978) . We chose to give a sufficiently large dose of the drug to produce the desired clinical effect in each patient and found that the doses given closely paralleled the doses of Valium given previously in corresponding clinical situations.
Pharmacokinetics
Thorn-Alquist (1977) made pharmacokinetic studies of Diazemuls up to 4h after i.v. and i.m. administration and found no differences compared with Valium. In the present study the plasma concentrations were monitored for a long period of time (up to 50h) after both i.v. and i.m. injection.
After i.v. injection the plasma concentration curves for Diazemuls and Valium show a similar time course. The drug probably separates quickly from the oil particles of the emulsion after injection. The average diameter of the oil particles has been estimated to be 0.2 ^m (Jeppsson, Groves and Yalabik, 1976) . The total fat surface area in 1 ml of the emulsion will then be about 6 m 2 . Thus the finely distributed oleaginous phase has a very large area of contact with the plasma, which promotes rapid diffusion of the drug from fat to blood. Furthermore, Jeppsson (1976) found in animal experiments that the elimination pattern for diazepam dissolved in the oleaginous phase of an emulsion was not influenced by the rate of the elimination of the fat particles per se. This also confirms the conclusion that the substance quickly separates from the oleaginous phase after injection.
When diazepam in conventional aqueous solutions is injected i.m., absorption varies greatly (Gamble, Dundee and Assaf, 1975; Kanto, 1975; Korttila and Linnoila, 1975) . Important factors are the site and depth of the injection, blood flow, amount of adipose tissue and possible precipitation of the drtig at the site of injection. Our investigation confirms that absorption is uneven with both Valium and Diazemuls. A slight tendency to a slowrelease effect is discernible in the emulsion dosage form. Oleaginous formulations have been given i.m. before in order to prolong the effect of various drugs. The depot effect of this new oil-in-water emulsion is minimal, however, which is probably a result of the fact that the diameter of the particles is so small and thus affords a large area of contact with the plasma, as described above. The initial peak concentration observed in the Valium series is not seen after the injection of Diazemuls; this may be a benefit which can reduce the risk of overdosage and unwanted side-effects.
I.v. administration of diazepam in aqueous solution causes a high frequency of pain and thrombophlebitis. These complications have been attributed to the solvent. Graham, Pagano and Katz (1977) demonstrated in histological studies that the lesions produced in the blood vessels by aqueous solutions of diazepam have the same appearance as those which occur after injection of the solvent used alone. The cause of the pain is not known, and there is no clear correlation between pain and thrombophlebitis (Langdon, Harlan and Bailey, 1973; Siebke, Ellertsen and Lind, 1976) .
It has been possible to alter the frequency of both pain and thrombophlebitis by changing the solvent. For example, by using macrogol ricinoleate it has been possible to reduce the number of painful reactions from 78% to 38% (Schou Olesen and Hiittel, 1980) . However, side-effects of an anaphylactoid nature involving circulatory collapse have been described with this preparation. In 1976 von Dardel, Mebius and Mossberg reported thrombophlebitis at a frequency of only 1.1% in patients injected i.v. with diazepam in emulsion form. In the same study it was found that only 0.3% of the patients given this emulsion i.v. experienced pain, compared with 35% after Valium. It has now been possible to confirm these good results in a larger number of patients of whom only nine of 2435 (0.4%) experienced pain.
I.m. injection of diazepam in aqueous solution is associated with a very high frequency of pain. However, after i.m. injection of diazepam in the emulsion form we have observed a marked decrease in the frequency of pain immediately following the injection in comparison with Valium. There has been a recent report (J. W. Dundee, personal communication) of pain at the site of injection 12-24 h after i.m. injection of Diazemuls. The cause has not been clarified.
The use of a fat emulsion as a vehicle for lipid soluble drugs can constitute a good alternative for the administration of drugs of this type. Injection of the emulsion form of diazepam (Diazemuls) results in a sharp decrease in the number of local sideeffects compared with conventional aqueous solutions of the drug. As stated before, a solvent must have low toxicity, must not exert any pharmacological effect of its own and must not interfere with those of the dissolved drug. These requirements are met by the described fat emulsion consisting of soybean oil and egg phosphatides.
